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6. ICHTHYOPLANKTON AND FISH

REVIEW OF LITERATURE

Fisheries research in the Gunpowder River and ad-
jacent waters of upper Chesapeake Bay has been reported
only recently, The Chesapeake Bioclogical Laboratory con-
ducted a general bioclogical survey of the Patapsco River
with specific reference to Baltimore Harbor in 1870-71,
Fish egg and larvae samples were collected at 12 stations
in the Patapsco River and major tributaries, and beach
seining was carried out at 17 stations during the sampling
period of 1 year starting with March 1970 (Dovel, 1971a).

Distributions of adult fishes are described by Wiley
(1971) in the above-mentioned biological study of Baltimore
Harbor. Of particular interest is the apparent contradiction
in the near total absence of bottom fishes (especially as
compared to similar trawl stations in the nearby Chester
River) and the very large numbers of white perch, a fish
somewhat epibenthic in its habitat.

White perch was the dominant species in both the
harbor and in the Chester River control area. Wiley (1971)
pointed out a difference in the age class composition of fish
from the two rivers, citing the absence of young-of-the-
year white perch from the Chester River stations in the
period 6 July through 1 September. However, less fre-
quent sampling between those dates (less than half the sta~
tions normally sampled), a disproportionate amount of
sampling in the mouth, and almost no samples taken above
mile 3 of the Chester River may have accounted for these
results, Also noted was the higher incidence of infection
of the lateralis system and deterioration of fin tissues in
Baltimore Harbor over Chester River white perch, possibly
a result of pollution stresses. In 1971 ichthyoplankton tows
and seine hauls were made at several stations in a series
of tows bracketing the entire Bush River on two dates: 11
July and 15 August 1971, This preliminary sampling effort
was part of a consultants report (BioCon, 1971b) to the
Baltimore Gas and Electric Company.
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Recent fisheriesi research was cf}onducted in the upper
Chesapeake Bay with spec ific regard fdlr the effects of over-
board disposal of ship channel dredging spoil. Biweekly
sampling of fish eggs and larvae (by ic%};thyoplankton net tows)
and adults (by 40 foot otter trawl tows) 'in the upper bay from
May 1966 to November 1968 yielded larige amounts of basie
background 1nformat10nnpertammg to the nature and status of
the fisheries populations of the upper Bay (Dovel, 1870;
Ritchie, 1970). In his studies of eggs gnd larvae, Dovel
grouped the fishes into freshwal:er, estiiarine, and marine
spawners, and desc ribed the general life habits of each of
the three, giving examples of each, He also stressed the
importance of the upperf Bay from Poole's Island northward
to Turkey Point as a nu:rsery ground up:on which depends the
successful survival of many species of fish, This area of
low salinity (0 to 11 ppt) is heavily used all or in part during
virtually the entire year by one or morg species as a spawn-
ing and/or nursery area for some 13 species of freshwater
spawners, 13 species of estuarine spawners, and 11 species
of marine spawners. | |

The effects of dredge spoil diSplbsal on adult fish was
investigated by Ritchie {1970). Forty-four species of fish
(13 freshwater and 31 marine forms) were captured by
trawling at 10 stations én 5 transects rlinning perpendicular
to the shipping channel in the upper Bay. The fishes were
described as year-round residents (e. g., striped bass,
white perch, channel catfish, hogchokelr, yellow perch, ale-
wife, bay anchovy, and :blueback herring), seasonal migrants
(e.g., spot, weakfish, silver perch, and bluefish} and ir-
regular visitors (e. g., silver hake and northern sea robin).

Ritchie (1970) found white perch to be most numerous
during most months, but also present 1|n large numbers were
striped bass, bay anchovies, channel catfish, hogchokers,
and gizzard shad. On the basis of the trawl data, the upper
Chesapeake Bay from Turkey Point south to Poole's Island
supports a large diversity of fish species; some as year-
around residents and some as seasonal visitors, either as
part of a spawning migration or merely entering during the
warm-water periods for feeding purpoges. The greatest
species diversity was observed at upstream, low salinity
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stations. The seasonal changes in water temperature and
salinity appeared to have the greatest effect on the species
composition of his samples.

Dovel (1971b) summarized 10 years of fish egg and
larvae sampling in the upper Chesapeake Bay, Magothy
River, and Patuxent River and stressed the similarity of
the freshwater/brackish water interface areas of each of
these somewhat separated regions of the Chesapeake Bay
system. This area of transition (ecotone) in each separate
sampling region is important as a spawning area (for white
perch, striped bass, and herrings — genus Alosa), and as
a nursery area for fishes that have spawned in freshwater
(yellow perch), brackish water (anchovy, hogchoker, naked
goby, winter flounder), or in the marine environment {men-
haden, croaker, spot, and bluefish), This ecotone also
supports the resident forage species such as the top minnows
(genus Fundulus) and the silversides (genus Menidia) which,
in addition to the young of other species, provide a great
bulk of the food for the game and commercially important
species, most notably bluefish and striped bass (Dovel,
1971b). Dovel noted the greatest densities of zooplankton
in the Patuxent to be coincidental in time and location with
the developing larvae of the freshwater spawners and sug-
gested this is significant in the transition of the larvae from
yolk-sac absorption to active feeding.

I'ishes that spawn in the estuary, such as the hog-
choker and anchovy, do so over a large area of the estuary
and under a wide range of temperatures and salinities.
Eggs of the anchovy in the Patuxent River during 1963, for
instance, were found at salinities ranging from 3 to 23 ppt,
and the larvae, after moving toward fresher water, were
found between salinities of 0 and 21 ppt (Dovel, 1871b).
Likewise, the marine spawners, as larvae, during migra-
tions to fresher water, obviously tolerate large salinity and
temperature changes, The presence of larvae and/or juve-
niles of all three groups of spawners in the low saline areas
(1 to 15 ppt) indicates the great importance of this area for
normal growth and development of each of the species,
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Although Dovel (1971b) feels thit salinity is the domi-

nating factor in the dis{ribution of e ggsti and larvae in the
upper Bay system, terriperature is essential in stirmnulating
the successful development of gonadal :tissues and spawning
behavior in adults, the normal development of the embryo
and the resultant larvae. Of interest ils the fact that larvae
or juveniles of several estuarine-depehdent species often
winter-over in the very cold waters of the upper estuary,
though the warmer, deeper waters further downstream are
relatively close by.’ o

The only published beach seine: work near the Bush
River area to date wasidone by Spier (h972) from May 1970
to January 1971. Twenty-four species of fish were collected
with a 100 foot seine axround Carroll Island., The results
indicated that three species dominatedithe area — the bay
anchovy, white perch, and tidewater s'ﬁ.lverside. White perch
and silverside were present throughout the study period, but
the bay anchovy was abundant only in September and October,

In summation of the present status of fisheries re-
search, the upper Chesapeake Bay seéms to be a typical
example of a coastal plain estuary. In the upper Bay a rela-
tively diverse fisheries population exists composed of at
least 44 species as sampled by trawling. In addition, this
area provides a spawning and/or nursery area for many
fishes. Many of the species of fish found in the seining
samples collected from the Gunpowder River are also
present in the upper bay area and the Patapsco and Magothy
Rivers,

METHODS AND MATERIALS

Several collecting methods are being employed
monthly to sample fish in various staggs of development
from several habitats in the Bush River estuary.

Fish egg and larval populations are sampled by

means of an 0, 5 meter diameter plankion net (505 gm mesh)
mounted on a steel frame sled towed for 15 minutes (as
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described previously for zooplankton populations). Fish
eggs and larvae collected are preserved in 4% formalin and
identified to the species level where possible, and the speci-
mens are then stored at The Johns Hopking University for
reference. Egg diameters and total lengths of larvae are
measured {in mm) and recorded, and the latter will be used
to establish length frequencies and growth curves with suc-
ceeding sampling dates.

A 50 x 6 foot beach seine is used to sample the resi-
dent fishes inhabiting the shore zone, young-of-the-year,
and juveniles of fishes spawned in the area, or using the
area as a nursery ground., The beach seine employed has a
0.75 inch stretch (0. 375 inch bar) mesh in the wings and
0.5 inch stretch (0.25 bar) mesh in the bag. Beach seining
is of necessity limited to rather smooth, snag-free areas
less than 6 feet in depth and must be landed on a gently slop-
ing beach surface to prevent fishes from escaping under the
lead line., Seining is regularly performed at each of five
stations in the Bush River (Stations 1, 2, 3, 4, and 10 in
Fig. 1), Fishes collected by beach seine are identified to
species, and the total lengths {in mm) of a representative
number of specimens of a species (30 or 40) are recorded,
This allows most fish to be released alive., However, rare
species or unusual specimens are preserved for reference
purposes.

Two types of trawls are used to sample the adult
fishes. A 16 foot semi-balloon otter trawl with 1,5 inch
stretch mesh in the body and a 1,25 inch stretch mesh in
the cod end with a 0, 5 inch stretch inner liner is employed
to catch bottom-dwelling and epi-benthic fishes such as hog-
chokers, catfish, American eels, and white perch. D-traps
were used in the preliminary study (July and August 1971)
to catch these bottom-dwelling and epi-benthic species, but
its use was discontinued in favor of the otter trawl with its
higher catch rates. A 10 x 10 foot modified Cobb pelagic
{mid-water) trawl of 0.75 inch stretch mesh in the body and
0.5 inch stretch mesh in the cod end is used to sample the
pelagic fishes that inhabit the upper portions of the water
column and to supplement the beach seine data. These
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pelagic fishes are ty‘plfled by the bay anchovy, herrings,
menhaden, and other forage species, All trawls are of 10
minutes duration, Both types of trawls' are used at each of
the six stations in the Bush River (Stations 3, 6, 8, 9, 11,
and 12 in Fig, 1), Fishes collected by both methods of
trawling are identified to species with § representative num-
ber measured and the rémainder counted and released as
with the seined specimens, Occasionally, stomach contents
are analyzed and conditions of gonads nbted where pertinent,
A routine comprehensive stomach analysis will be performed
on several species later in the present study.

Ultimately, fishéries data will be punched onto com-
puter cards for more complete and rapfid analysis. Items
to be examined include $pecies composition at each station,
percentage composition of the species population contributed
by each year class, species distribution as affected by water
temperatures, and dissolved oxygen concentration, Also to
be considered is the species diversity at each station and at
a particular station over a time interval which may reflect
either temperature, salinity, or dissolyed oxygen prefer-
ences, or changing behavior patterns,

RESULTS

Fishes of 38 species were taken in the Bush River
area during the period March through December 1972 using
all gear types. The scientific and comimon names after
Bailey et al. (1970) of these 26 854 spe¢imens represented
as eggs, larvae, juveniles, and adults are summarized
phylentically in Table 20. Also, each dgpecies is classified
to indicate its spawning-salinity preference(s), This list
includes 23 freshwater spawners, 2 freshwater or estuarine
spawners, 7 estuarine spawners, and 6 marine spawners.

Ichthyoplankton samples from s¢ven stations over a
10 month period yielded a total of 5638 eggs, larvae, and
juveniles of 9 species and 1 family that possibly represents
an additional 5 species. Some larvae of the herring family
were readily identifiable, but size range overlap, similar
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FAMILY
Anguilitdee - freshwater eels
Anguilla rastrata (Lesusur} Amarican el M X |x
Clupeidan - herrings X
Alots sestivalls [Mitchill) Blusback herring F X
Alosa pseudoharenqys (Wilson) Atewife F o
Alosa sapidtssima (Wilson} Amertcan shad F X
Brevoprtia tyrsnnus (Latrobe) Atlantic memhaden M | S
Dorosoma cepedianum (Lesueur) Gizzard shad F
Engrautidas - anchovies
Anchos mitchil1l {Valenciennes} Day anchovy £ Y| (i x
Cyprinidae - minnows and carps
Carassius auratus (Linneaus} Goldfish F X
Cyprinus carpia Linnaeus Carp F X X
Hybognathus nuchalis  Agassiz S$1)lvery mianow F X
Notemigonus cryscleucas {Mitchil1) Golden
shinsr F X
Motrepis hudsonius (€tfnton) Spottail shiper F lx
Notropis tp. Shimer F x{xfr
Ictaturidam - freshwster cetfishes
Tctalurus catus {Lnnaeus} White catfish F xlx
Ectalurus hebulosus (Lesueur} Brown bullhesd F Xl x
Letalurus punctatys (Rafinesque) Channat -
catfish f| X
Balonidae - needlefishes
Strongylyra marina {Walbaum} Atlantfc
Cyprinodentidas - killifishes needletish A 1
Fundulus disphanus{Lesueur) Banded ki10if{sh F-g| x
Funduluy heteroc)ftus {Linnaeus) Mummfchog EL 1
Atherinidae - stiversides X
Menidia baryllina (Cope) Tidewster sityarsides § x
Menidis menidia (Linnasus} Atlantic silversides §
Percichthyidae - temparate basses
Morons americana {Gmelin) Whits perch H x| xf x| x
Morone saxatilis {Welbaum} Stripad bass F-g X1 x| x| x
Centrarchfdae - sunfishes
Lepomis cyanellus FRafinesqua Green sunfish f X
Lepomis gibbosus {Linnaeus} Pumpkinseed F X
Lepomis macrochirus Rafinesque Bluegill F X
Lepomts meqaletis (Rafinesque) Longear sunffsh F X
Micropterus dolomieut Lacepede Smatlmouth bass F X
Pomoxis annularis Raftnesque White crappie F ]
Pomaxis nigromdculetus (Lesuaur} Black crappie F X
Percidse - perches
Ethepstoma nigrum Rafinesque Johnny darter F X
Perca flavascens {Mitchill)} Yellow perch F xlxlx
Pomatomidae - bluafishes
Pomatomus seltatrix {(Linnasus) Bluafish ] X
Sclasnidae - drums
Cynoscion nebulosus (Cuvier) Weakfish L} X
Letostomus xsnthurus Lackpéde Norfolk spot M x
Micropogon undylatus (Linnasus)Atlantic crosker M X
Gobiidae - gobies
Gioblosoma bosct (Lacapede} Maked goby E H]
Saleidae - soles
Trinectes maculatus {Block and Schneider)
Hogchoker 3 X

TABLE 20 SCIENTIFIC AND COMMON NAMES OF FISHES, EGG, LARVAE, JUVENILE AND
ADULT FORMS COLLECTED FROM THE BUSH RIVER STUDY AREA, MARCH —
DECEMBER, 1972. SPAWNING TYPES: F = FRESHWATER, E — ESTUARINE;

M= MARINE
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morphological mdlces,, and various degrees of mutilation
prohibited positive identification of theé majority. Thus, a
few Alosa sp., gizzard shad, menhad¢n larvae were grouped
together with the other undifferentiated herring larvae.
Table 21 presents a breakdown of numbers of a life stage,
percent occurrence, and months colle¢ted for the various
species to the left; on the right is a summary of stations
where each life stage was collected. The total number of
each life stage collected, percent occirrence, and the rela-
tive abundance figures presented in Tdble 22 are somewhat
biased because of sele(’:tivity of the gear for smaller fish,
Identification to species of the one mutllated shiner (Notropis)
larvae was impossible, \

A total of 4990 fish of 31 species was collected with
the beach seine from May through December 1972 at five
stations during eight sampling periods. The data from
these 40 samples are summarized in Table 23,

The relative abliindance figures' given in Tables 23
through 25 present a more reliable estimate of the percent-
age composition each spec ies <~0ntr1buTtes to the total, Many
of these species are smhoolmg fish; thus, sampling figures
can be extremely high or low. Converting the total numbers
to relative abundance flgures will d1m1n1sh the extremes,
such as the bay anchovy figures in Tablle 25.

A total of 11 017 fish of 25 species were caught with
the otter trawl at six stations from May through December
1972 during eight sampling periods, The 48 samples are
summarized in Table 23, '

The Cobb trawl caught 5209 fish of 22 species from
May through December 1972 during seven sampling periods
at six stations, These data are summarized in Table 25,

The species occurrence by numbers at all of the
Cobb trawl, otter trawl, and beach seine stations for May
through December is in Tables 26 through 33. The total
catch per station per month by gear is'also included.
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Months Stations
Fish Lifestages Total |[collected
13376 (89 1112
Herring larvae 372 Apr-Aug X X 1 X i X1 X
Juveniles g8 Jul-Aug
Bay anchovy farvae 11 Aug-Sep X | X X X
Jjuveniles 10 Sep-Nov X1 X | %
Carp larvae 4 Jul X | X
Shiner larvae ] Jul X
American eel juveniles 1 May X
White perch eqg 20 Apr-May | X X X
larvae 2412 May-Jdul X v X | X P X1 X[ X ] X
Striped bass eqq 2137 May X
larvae 14 Jun-Jul X | X | X1 X
juveniles 2 Jul-Aug X X
Yellow perch larvae 506 Apr-May X | X | X 1X X
Silverside larvae 69 Jun&Aug XX [ x| XX
Naked goby larvae 43 Aug-Sep X X X

TABLE 21 SUMMARY OF 67 ICHTHYOPLANKTON TOWS FROM MARCH-DECEMBER, GIVING
THE FISH LIFESTAGES COLLECTED, TOTAL NUMBERS, MONTHS COLLECTED,
AND STATIONS
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Fish Total % relative
occurrencel abun.*

White perch 1617 77.5 1253.18
Spottail shiner 591 65.0 384.15
Gizzard shad 744 37.5 279.00
Blueback herring 522 32.5 169.65
Bay anchovy 498 32.5 161.85
Tidewater silverside 310 40.0 124.00
Atlantic menhaden 209 30.0 62.70
Golden shiner 84 35.0 29.40
Shiner species 128 20.0 25.60
Pumpkinseed 41 40.0 16.40
Yellow perch 28 40.0 11.20
Mewife 21 50.0 10.50
Johnny darter 38 27.5 10.45
Striped bass 47 17.5 8.23
Banded killifish 24 15.0 3.60
Silvery minnow 26 12.5 3.25
Atlantic silverside 27 5.0 1.35
Blueqill 8 10.0 0.80
Atlantic needlefish 7 10.0 0.70
Mummichog 12 5.0 0.60
White crappie 5 7.5 0.38
Bluefish 3 12.5 0.38
American eel 3 7.5 0.23
Carp 2 5.0 0.10
Black crappie 2 5.0 0.10
Longear sunfish 2 2.5 0.05
American shad 1 2.5 0.03
Goldfish 1 2.5 0.03
Channel catfish 1 2.5 0.03
Green sunfish 1 2.5 0.03
Smallmouth bass 1 2.5 0.03

Total: 31 species

*
Relative abundance =

number of occurrences

total number x total no. of samples

TABLE 23 TOTAL AND RELATIVE ABUNDANCE OF FISH IN 40 BEACH SEINE SAMPLES AT

5 STATIONS FROM THE BUSH RIVER AREA (MAY THROUGH DECEMBER)
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. % Relative
Fish Total occyrrencel abun.*
White perch : 8397 93.75 7872.19
Bay anchovy ! 1429 33.33 476.33
Yellow perch f 212 58.33 123.67
American eel . 169 37.50 63.38
Spottail shiner . 128 41.66 53.33
Hogchoker | 140 3].25 43.75
Brown bullhead ! 104 4].66 43.33
Pumpkinseed | 69 41.66 28.75
Channel catfish i 74 35.33 24.66
Norfolk spot ’ 101 14.58 14.73
Atlantic menhaden 50 22.92 11.46
Striped bass : 26 18.75 4.88
Johnny darter . 20 - 20.83 4.17
Alewife ; 28 10.42 2.92
Atlantic croaker 17 12.50 2.13
Blueback herring , 20 |- 10.42 2.08
White catfish . 11 8.33 0.92
Bluefish : 7 8.33 0.58
Gizzard shad 6 8.33 0.50
Carp 4 8.33 0.33
Alosa species 1 2.08 0.02
Golden shiner 1 2.08 0.02
Shiner species 1 2.08 0.02
Atlantic needlefish 1 2.08 0.02
Spotted seatrout 1 ;.08 0.02
Total: 25 species

humber of occurrences
total no. of samples

*
Relative abundance = total number x

TABLE 24 TOTAL AND RELATIVE ABUNDANCE OF FiSH IN 48 OTTER TRAWL SAMPLES
AT 6 STATIONS FROM THE BUSH RIVER AREA {(MAY THROUGH DECEMBER})
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_ % Relative
Fish Total loccurrencd abun.*
Bay anchovy 4033 52.38 1 2112.49
White perch 495 73.81 365.36
Atlantic menhaden 207 40.48 83.79
Blueback herring 136 23.81 32.38
American shad 128 9.52 12.19
American eel 37 28.57 10.57
Spottail shiner 23 16.66 3.83
Yellow perch 11 23.81 2.62
Hogchoker 9 19.05 1.71
Gizzard shad 13 9.52 1.24
Channel catfish 9 11.90 1.07
Pumpkinseed 6 16.66 0.99
Johnny darter 6 11.90 0.71
Alewife 9 7.14 0.64
Brown bullhead 6 9.52 0.57
Norfolk spot 1 4.76 0.52
Silvery minnow 2 4.76 0.095
Shiner species 2 4.76 0.095
Carp 2 2.38 0.048
Striped bass 2 2.38 0.048
Golden shiner 1 2.38 D.024
Atlantic croaker ] 2.38 0.024
Total: 22 species

number of occurrences
total no. of samples

*
Relative abundance = total number x

TABLE 26 TOTAL AND RELATIVE ABUNDANCE OF FISH IN 42 COBB TRAWL SAMPLES
AT 6 STATIONS FROM THE BUSH RIVER AREA (MAY THROUGH DECEMBER)
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DISCUSSION : |
The Bush River study area ich Ihyofa.una. is similar
in some aspects to that of the adjacent' Chesapeake Bay and
different in other respects. In his studies of the upper Bay,
Dovel (1971) found recently hatched stal.ges of white perch,
yellow perch, several 5Species of herring, striped bass,
and naked goby to be abundant in water's having salinities
up to 13 ppt. These species are also present in the Bush
River study area as indicated by Tables 22 and 23, Other
larval forms also present in both the Bay and the Bush
River include the bay anchovy and silverside. Only eggs of
one species, the white perch were fOLpnd in the Bush and
Gunpowder Rivers. g |
Some 2000 striped bass eggs were collected at Sta-
tion 9 in the bay propef‘ Since no eggp were collected at
any of the stations in the Bush or Gunpowder Rivers, there
is probably little, if any, striped bass| spawning in these
rivers of low flow, The study area is adjacent to one of
the major striped bass: spawning aread in the Chesapeake
Bay system, and is prébably used by the larvae and juve-
niles (Dovel and Edrnurilds, 1971). !
Carp larvae were found at Stations 8 and 9 (at the
mouth of the Bush River and 400 yardd out from the mouth
of Romney Creek, respectively) though none had been found
in the upper Chesapeakge Bay by Dovel!(lg'? 1), Carp usually
spawn in freshwater, but they have also been reported to
spawn in water exceeding 10 ppt (Mansueti and Hardy, 1967).
The size range of these yolk-sac larvae would indicate that
they were spawned nearby, rather than further upstream in
the Bush River near Otter Creek or Church Creek as might
have been expected,.

The white perch larvae far outhumbered the other
larvae in the present study, as they did in Dovel's (1971)
fish egg and larvae study. In the present investigation,
most of these larvae were still in the yolk-sac stage. As
young juveniles grew, they became leds available to the
ichthyoplankton samplipg gear. Also of interest was the
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presence of white perch larvae (3 to 8 mm long) in July.
The white perch spawning period normally occurs from
March to June. This extension or delay of the spawning
season might be due to the effects of tropical storm Agnes
or more probably to the rather cool, wet spring that pre-
ceded Agnes,

Species composition of the present study compares
favorably with the studies done by Ritchie (1970), BioCon
(1971b), and Spier (1972}, The different species composi-
tion of the four studies is due inpart to gear selectivity.

Differences in the total number of species and spe-
cies composition of otter trawl samples in the present
study and those of Ritchie (1970) are due to any one or a
combination of the following factors: (a) some of the fishes
tend to avoid freshwater totally, and concentrate in waters
of higher salinities such as in the channel areas of the
upper Chesapeake Bay; {b) other species are rarely col-
lected in the upper Chesapeake Bay (Atlantic sturgeon,
butterfish, northern searobin, scaled carp, silver hake,
southern harvestfish, spotted hake); and (c) the present
study employed a 16 foot otter trawl for 8 months while
Ritchie (1970) used a 40 feet otter trawl for 2 years,

A comparison of the number of species and species
composition of the beach seining done by BioCon (1971),
Spier (1972), and in the present study shows consistency
of species composition and number of species with only few
exceptions., These exceptions might be a reflection of the
different lengths of beach seines used in the various stud-
ies, the time lengths of the studies, the scarcity of differ-
ent species in the study area, or a combination of these
factors. Another factor that may have contributed to
differences in the four studies could be the effects of tropi-
cal storm Agnes, Tropical storm Agnes drastically lowered
the salinity and water temperature of the entire Bay region
in late June. This and other tremendous changes in water
quality had a profound effect on fish distributions in the
upper Chesapeake Bay. Some indication of the effect Agnes
had on the upper bay may be seen when a comparison is |
made of Tables 26 through 30, A drastic reduction in the
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numbers of almost all fishes collected in July samples is
obvious, and is furtheLIL substantiated iy comparison of the
mean numbers collectéd per haul by gear in July to the
mean numbers per haujl by gear for th|é period May through
September. The mean number of fish|collected per beach
seine haul for all stations for the peripd May through Sep-
tember is 126.8, as cc#mpared to 28.6 in July. The otter
trawl catch shows a comparable reduq'tion. The mean num-
ber of fish collected per tow for the period May through
September at all stations is 274, 8, whereas for July it is
169.8. The trend continues with the C"obb trawl results as
the mean number of fish per haul for May through September
is 175.6, compared to;the July figurelof 41. 5,

A notable exception is the American eel which in-
creased in number, 'I*;he pumpkinseed and yellow perch
numbers remained fairly constant. A few of the other less
numerous species show no significant;patterns. The fishes
showing the greatest reduction in numbers are those having
affinities for slightly saline waters, ije., blueback herring,
white perch, bay anchovy, and striped bass. The yellow
perch, American eel, iand pumpkinsedd tolerate low saline
waters and the increaged numbers maly be a result of con-
centration into the waters where the dtter trawl is more
efficient, e.g. eels showed an increase from 34 in June to
108 in July. Considering the otter trérwls for Stations 3, 6,
8, and 9, a reasonable average of sixieels per tow was
made compared to about 4.25 eels pe:%‘ tow at these same
stations in July. Station 9 in July accounted for 88% of the
total. An even bigger eel haul occurred at Station 11 in the
Gunpowder River. Perhaps this concgntration in the
"dJeeper' water was due to a rich nutrient load which may
have concentrated other food organisms.

No other researcher has used the Cobb trawl in the
upper Chesapeake Bay; therefore, no comparisons can be
made. To date, only the American shad has been collected
by the Cobb trawl, but not by either the beach seine or the
otter trawl. Compared to the otter trawl, the Cobb trawl
gseems to catch far fewer total numbers and fewer species
of fish at the same stations even when the presence of clam
shells indicates that the Cobb trawl had also sampled the
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epi-benthic habitat as well as the pelagic areas. Possibly
the finer mesh of the Cobb trawl is more readily detected
and avoided by the fish, Continued collection with this trawl
should help determine its usefulness in future work.

Monthly length frequencies for seven species of fish
collected by all gears are given in Figs. 44 through 50.
The large differences in length will separate the year classes
of fishes, especially in the earlier years. With certain con-
cessions, the size range, modal length, and growth curves
of at least some of the year classes can be determined when
examined over a period of time.

Examination of the length frequencies of white perch,
the dominant species in the area (Fig. 44), shows that the
monthly samples were made up up at least four year classes,
The small numbers or lack of numbers in the 8 to 22 mm
range during May through August is probably due to an in-
creased ability to avoid the ichthyoplankton gear, as men-
tioned earlier. A very large reduction in numbers of the
3 to 7 mm range young-of-the-year occurred in June, but
following tropical storm Agnes, increased numbers of this
size range were again evident. This late spawn is unusual
for this early spring spawners, and suggests that the spawn-
ing season was possibly extended by the change in water
quality brought about by the cool, wet spring weather or by
tropical storm Agnes, The young-of-the-year length fre-
quencies implies a growth from about 5 mm in May to ap-
proximately 50 mm in September. From May through
August the 1 year class seemed to grow approximately 50
mm in September., From May through August the 1 year
class seemed to grow approximately 20 mm. The 2 year
class sampled would seem to have grown only about 5 mm
during the same 4 month period. The actual lengths of the
1 and 2 year class fish in September, November, and De-
cember are difficult to separate because of insufficient
numbers and an overlap of size range.

Atlantic menhaden (Fig. 45) of the 0 year class (fish
spawned in the fall of 1971} moved into the area from down-
bay. By July it appears both the spring and fall spawned
0 year class fish, and possibly those of 2 year also are
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NUMBER OF FISH

AUGUST

N =252 ; . SEPTEMEER

OCTOBER

N =225

I NOVEMBER

30—
20|—-
10— .
o
20 + t
N =216 DECEMBER
20—

L T e o T O o T T T S T O S o T
ﬂ.-wmvmomopq:cp—mmquhapmor;qrpg
I I I B - . B L B L I B I L L
.-qu'mtar-mmc+nnv"¢_)mr~mo:o—NM<r

P - - e L Y T

TOTAL LENGTH (mm}
Fig. 44 MONTHLY LENGTH FREQUENCIES FOR WHITE PERCH COLLECTED BY ALL
SAMPLING GEAR IN THE BUSH RIVER AREA, MAY THROUGH SEPTEMBER
1972
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N =17 JUNE

JULY

N =65 AUGUST

N=16 SEPTEMBER

NUMBER OF FISH

N =29 OCTOBER

N=2 NOVEMBER

N DECEMBE R

1371
2327
33.37
43-47
53-57
63-67
73-77
8387
9397

103-07 }

11317

123-27

133-37

14347

16367

163-67

17377

18387

19397

20307

21317

22327

233-37

24347

TOTAL LENGTH {mm)
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present. The September sample is made up of the fall
spawned 0 year class which is almost 1 year old, and fish
almost 2 years old. The fall samples for September
through December show an ever-increasing decline in num-
bers as these fish move downbay; and such a decline is
probably a result of fish leaving the sampling area rather
than gear inefficiency.

Blueback herring length frequencies (Fig. 46) indi-
cate the presence of juveniles from May through the October
sampling period. The effects of tropical storm Agnes
caused many of these fish to move from the area as shown
by the reduced numbers in the July samples. This fluctua-
tion in numbers as well as those later in the summer and
fall could be nothing more than a reflection of the natural
movements of this species in the upper bay.

Length frequencies of the gizzard shad (Fig. 47)
show the presence of the 1 year, 2 year, and older classes
of fish in the May and June samples. Young-of-the-year
fish (ca. 35 to 40 mm) appeared in large numbers in the
August and September samples mixed with large numbers
of fish nearing the end of their first year (ca. 120 mm).
Separating these first 2 year classes is difficult because
of an overlap in size ranges resulting from a protracted
spawning time in May through August (Mansueti and Hardy,
1967). During the fall months of October through December,
a reduction in numbers occurs, This seems to follow the
general pattern of movement to warmer, deeper water by
most fish found in temperate waters.

Tidewater silversides (Fig. 48) are probably repre-
sented by three year classes in the June samples; the young-
of-the-year and combined 1 and 2 year fish. As has been
previously stated for other species, a large reduction in
numbers occurred following tropical storm Agnes, with an
eventual return of these fish in August and September, The
fall sampling shows a sharp reduction in numbers from
October to November with none collected in December,

The reduction in numbers following Agnes and in the fall
could again be attributed to the movement of the fish out of
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the shore zone samplirigg area into the }deeper water of the
upper bay. | ‘
|

Bay anchovies had become somewhat numerous by
the June samples, and|length frequency data (Fig. 49) indi-
cate the mean length to be near 65 mm. These fish are al-
most 1 year old, having been spawnedi during the summer of
1971. The decline in humbers during| July and August
might well reflect the effects of tropigal storm Agnes.
However, this may ju&#t show the gene'Fal movement of this
estuarine spawner toward the spawning areas in more saline
waters (Dovel, 1971b), The July through October data show
the presence of the 0 year class and 1 year class, with the
bulk made up of the 0 year class in September and October.
Again, a sharp reduction in numbers is repeated as the
water temperature droips in the fall,

Length frequency data for the yellow perch are pre-
sented in Fig, 50. The 0 year class gnd 2 year class were
evident in May, June, and July, becorhing less obvious in
August and September. The young‘—offrthe-year grew from
a mean length of abouti 10 mm in May fo approximately 40
mm in July. Excluding the young-of-the-year, the numbers
collected monthly are :fairly constant; 'but unlike the other
species, an increased Inumber was coilected in the Novem-
ber and December samples. Since a majority of these fish
were collected with thé otter trawl frdm May to December,
this increase either reflects the increpsed catchability with
the seasonal decline in water temperature, or a movement
from the shore zone into the deeper otter trawl sampling
stations, The former 'explanation is jnore plausible since
few fish of this species were collected with the beach seine
in the shore zone. | !

In summary, véa.rious year cla%ses of 38 different
species were found within the Bush River area from March
to December 1972, The early developmental stages of fishes
from all three groups of spawners — freshwater, estuarine,
and marine — use this tributary of the upper Bay as a com-
mon feeding or nursery area., Only two new species (the
green sunfish and longear sunfish) were found to date in this
study that have not been noted in the area by other re-
searchers, : |
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A reduction in fish numbers in early summer may
have been a result of tropical storm Agnes which greatly
altered normal salinities and temperatures in the upper
Chesapeake Bay and its tributaries, The extension of the
white perch spawning into late June and early July was
noted, which may also have been caused by the change in
water quality brought about by a cool, wet spring or by
Agnes.

Fall sampling showed, with one exception, a gen-
eral reduction in numbers, This reduction is probably
attributed to the movement of fish out of the sampling areas
into the deeper water of the upper bay,

- 139 -






THIE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

SILVER S5FRING. MARYLAND

REFERENCES

Abbott, R. T. 1954, American Seashells, Van Nostrand,
Princeton, N. J.

Anderson, R, O. 1959. Modified flotation technique for

sorting bottom fauna samples. Limnol. Oceanogr, 4:
223-225,

Bailey, R. M., J. E. Fitch, E. S. Herald, E. A, Lochner,
C. C. Lindsey, C. R. Robins, and W, B. Scott. 1970,
A list of common and scientific names of fishes from
the United States and Canada. Third Edition. Ameri-
can Fisheries Soc, Special Publ, No. 6.

Barnes, R. D. 1969, Invertebrate Zoology. W. B. Saunders,
Philadelphia, Pa. 743 pp.

Beer, S, 1969. Some nutrient enrichments and primary pro-
ductivity in the lower Patuxent River, Natural Re-
sources Institute, Univ. of Md. (Ref. No. 69-83),

BioCon. 1971a. Biological studies of the Patapsco River in
the vicinity of the H, A. Wagner Plant., Report to the
Baltimore Gas and Electric Co. Bio-Consultant Asso-
ciates, Towson, Md. 15 pp.

BioCon, 1971b. Biological studies of the Bush River in the
vicinity of the Bush River property of the Baltimore
Gas and Electric Company. Report to the Baltimore
Gas and Electric Co. BioConsultant Associates,
Towson, Md,

Bosch, H. F. 1970. Ecology of Podon polyphemoides
(Crustacea Brachiopoda) in Chesapeake Bay. Ph. D.
Thesis, The Johns Hopkins University. 112 pp,

Bowman, T. E, 1961. The copepod genus Acartia in Chesa-
peake Bay., Chesapeake Sci. 2(304): 206-207,

Brady, D. K. and J, C. Geyer, 1972, Development of a
General Computer Model for Simulating Thermal Dis-
charges in Three Dimensions. Report No. 7, Cooling
Water Discharge Project, Edison Electric Institute,
New York,

- 141 -




THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

SILVER SPRING. MARYLAND

Brett, J. R. 1956, Some principles injthe thermal require-
ments of fishes, Quart. Rev, Bipl. 31(2): 75-87.

Bullock, T. H. 1955, Compensation fgr temperature in the
metabolism and aetivity of poikilotherms. Biol. Rev,
30(3): 311-342, ‘

Cairns, J., Jr. 1956, iEffects of increased temperature on
aquatic organisms. Indust. Waste 1:150-152,

Cairns, John Jr,, 1968, We're in Hot Water. Scientist
and Citizen 10(8):: 187-198.

Conover, R. J. 1956, bceanography oL;‘ Long Island Socund
Ul. Biology of Acartia clausi and A, tonsa. Bull,
Bingham Oceanogr. Coll, Yale Upiv. 15: 156-233,

Coutant, C. C. 1968, ’:I‘hermal pollution — biological effects.
A Review of the Ljiterature of 1967. J. Water Poll.
Cont. Fed. 40(6): 1047-1052,

Coutant, C. C. 1969, ':I‘hermal pollution — biological effects.
A Review of the Literature of 1968, Battelle-North-
west, Reprt. BNNL-Sa-2z376. J.i Water Poll. Cont,

Fed. 41(6): 1036;1053. |

Coutant, C. C. 1970, Thermal pollutij;n- biological effects,
A Review of the Literature of 1969. Battelle-North-
west, Report BNNL-Sa-3z55. J,| Water Poll. Cont,
Fed. 42(6): 1025-1057, |

Coutant, C. C. 1971, Thermal pollutid':)n'— biological effects.
A Review of the Literature of 1970 on Wastewater and
Water Pollution Clontrol, J. Wat'rar Poll. Cont. Fed.
43(6): 1292-1334, |

Cowles, R. P. 1930. A biological stuc*y of the offshore
water of Chesapeake Bay. Bull. U.S. Bureau of Fish,
48: 277-381. i o

Cronin, L. E., J. C. Daiber, and E, M. Hulbert. 1962,
Quantitative seasonal aspects of zooplankton in the
Delaware River estuary. Chesapeake Sci. 3: 63-93.

- |
Davis, C. C. 1944, On four species of copepods new to
Chesapeake Bay, with a description of a new variety
of Paracalanus ciassirostris, Dahl, Ches. Biol. Lab.
Publ, 61: 1-11. |

|

|

- 142 - '
|

i




THE JOHNS HOPKINS UNIVERSITY
APPLIIZD PHYSICS LABORATORY

SILVER SPRING, MARYLAND

Dean, D. and H. H. Haskins. 1964, Benthic populations
of the Raritan River estuary following pollution abate-
ment, Limnol. and Oceanogr., 9: 551-563.

Deevey, G. B. 1948. The zooplankton of Tisbury Great
Pond, Bull, Bingham Oceanogr. Coll. Yale Univ.
12(1): 1-44,

Deevey, G. B. 1960. The zooplankton of the surface water
of the Delaware River region, Bull, Bingham
Oceanogr. Coll., 17(2): 5-53.

Dovel, W. L. 1970, Fish eggs and larvae Project E IN:
Gross physical and biological effects of overboard
spoil disposal in Upper Chesapeake Bay, Natural
Resources Institute, Univ, of Md., College Park,
Md.

Dovel, W, L, 1971la. Fish eggs and larvae. Section A IN: ,
A Biological Study of Baltimore Harbor, A final re- |
pori to Dept. of Water Resources, State of Md. |
Natural Resources Inst., Univ. of Md., 107 pp.

(N.R.I. Ref. No, 71-76) In press,

Dovel, W, L. 1971b, Fish eggs and larvae of the Upper :
Chesapeake Bay, NRI Spec. Rept. No. 4, Contribu- |
tion No, 460, Natural Resources Institute, Univ. of
Md., College Park, Md.

Dovel, W. L, and J. R. Edmunds, IV, 1971, Recent
changes in striped bass (Morone saxatilis) spawning
sites and commercial fishing areas in upper Chesa-
peake Bay; possible influencing factors. Chesapeake
Sci. 12(1): 33-39.

Federal Writers' Project. 1938, Delaware. A guide to the
first state. Viking Press, New York, 549 p.

Flemer, D. A, 1969a. Continuous measurement of in vivo

chlorophyll of a dino-flagellate bloom in the Chesa-
peake Bay. Chesapeake Sci. 10(2): 99-103.

- 143 -




THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

SILVER SFRING. MARYLAND

Flemer, D. A. 1869b, |Chlorophyll ang
evaluating the standing crop of ph
mary productivity. Chesapeake §
306,

Flemer, D. A. 1970a. |{Primary produ
branch of the Raritan River, N. |
273-296.

Flemer, D. A. 1970b. | Primary produ
peake Bay. Chesapeake Sci. 114

11ysis as a method of
ytoplankton and pri-
bei, 10(3-4): 301-

ctivity of the north
J. Hydrobiologia 35:

ction in the Chesa-
2. 117-129,

Flemer, D. A. and R. B. Biggs., 1971] Short term fluores-
cence and dissolved oxygen relationships in the upper
Chesapeake Bay. | Chesapeake Scfi. 12(1): 45-52,

Flemer, D, A., D. H. Hamilton, J, A
C. W. Keefe. 1969, The effects
and water quality!on estuarine pr
Natural Resourcep Institute, Uni
69-37E). |

Flemer, D. A, and J. diDlmon. 1971, 1
estimates of primary production
Patuxent River, 1}'/Id. Chesapeakd

Fretter, V. and A, Grgham. 1949. T
of life of the Pyrgmidellidae, par
J. Mar. Biol. Ass. U. K, 28: 4

Fry, F. E. J. 1947, Effects of the em
activity. Univ. Toronto Stud. Bi

. Mihursky, and

of thermal loading
imary productivity.
y. of Md. (Ref. No.

Daylight incubator
in the mouth of the
s Sei. 12(2): 105-110.

he structure and mode
rasitic opisthobranchs.
93_532'

vironment on animal
ol Ser No, 55: Pubh.

62 pp.

1. Ont, Fish Res, Lab, No. 68.
|

Fry, F. E. J. 1967, Responses of vel}‘tebrate poikilotherms
to temperature. Pages 375-409 IN: A. H. Rose (ed.)

Thermobiology. Academic Pres

}; London.

Geyer, J. C., J. E. Edinger, W. L. Graves, Jr., and
D. K. Brady. 1968. Field sites and survey methods.

Report No, 3, Cooling Water Discharge Project,

Edison Electric Institute, New Y

rk,

Goodwyn, F,, Jr. 1970, Zooplankton,i Project D. IN: Gross

physical and bioldgical effects of]
posal in upper Ch,'esapeake Bay.

overboard spoil dis-

(N.R.1I. Spec. Rept.

No., 3) Natural Re:tsources Institute, Univ. of Md.

- 144 -

i
E

-l i a8 O S = S= s




THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

SILVER SPRING. MARYLAND

George, D. J. 1966. Reproduction and early development
of the Spionid polychaete, Scolecolepides viridis
(Verrill). Biol. Bull. 130(1): 76-93,

Gore, K. 1971, Seasonal and spatial distributions of North
Humboldt Bay., M. S. Thesis, Humboldt State
College.

Gosner, K. L. 1971, Guide to Identification of Marine and
Fstuarine Invertebrates, Cape Hatteras to the Bay of
Fundy, Interscience, New York.

Graves, W. L., Jr. and J. C. Geyer. 1972, Cooling Pond
Temperature Models., Report No. 8, Cooling Water
Discharge Project., Edison Electric Institute, New
York, In press.

Hamilton, D. H., Jr. 1972. Polychaetes of the Chesapeake
Bay. Pages (C-VII) 128-131 IN: Andrew McErlean
(ed. } Status of the Biota of the Bay, Draft Report,
Natural Resources Institute, Univ. of Md., 370 pp.
In press.

Hamilton, D. H., D. A, Flemer, C. W. Keefe, and J. A.
Mihursky. 1970, Power Plants: Effects of chlorina-

tion on estuarine primary production. Science 169:
197-198,

Heinle, D. R. 1972, Free-living copepods of the Chesa-
peake Bay. Pages (C-VII) 132-135 IN: Andrew Mc-
Erlean {(ed.) Status of the Biota of the Bay. Draft Re-
port. Natural Resources Institute, Univ. of Md.

370 pp. In press,

Herman, 5. C., J. A. Mihursky, and A, J. McErlean.
1968, Zooplankton and environmental characteristics
of the Patuxent River estuary 1963-1965, Chesapeake
Sci. 9: 67-82,

Herry, S. 1959, Pollution of rivers by heated discharges,

Bull, Cent, Belge. Etud. Docum, Eaux, 46: 226~
235,

Jefferies, H. P. 1962, Succession of two Acartia species -
in estuaries. Limnol. Oceanogr. 7(3); 354-364,

- 145 -




THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY
SILVER SPRING. MARYTLAND

Jensen, L, D,, R, M,|Davies, A. S. Brocks, and C, D.
Meyers. 1969, |The effect of elevated temperatures
upon aquatic invertebrates., A review of the litera-
ture relating to freshwater and marine invertebrates.
Report No. 4, Cooling Water Discharge Project,
Edison Electric instltute, New &Tork 232 pp.

Kaplovsky, A. J., and1 D. B. Aulenbath. 1956, A compre-
hensive study of pollution and its effect on the waters
within the Indian River drainage|basin, A report to
the Water Pollutiion Commission of the State of Dela-
ware, Dover, Delaware. 207 pé.

Kennedy, U. S. and J.A, Mihursky. k%?. Bibliography
of the effects of {temperature in the aquatic environ-
ment. Univ. of Md., Nat. Res. rnst. Cont., No, 326,

Kinne, I. 1970, Environmental factors. IN: Marine
Ecology. Vol ]4 Wiley-Interscience, London,

Kajak, Z., K, Dusage; and A. Prejs.| 1968, Application
of the flotation technique to assessment of absolute
numbers of benthos. Ekolgia Polska; Series A, Tom
XVI, Warszwa, Nr 29, |

Levin, A., T. J. Birch, R. E. H111m n, and G. E. Raines.
1972, Thermal discharges: ecological effects. Env.
Sci, and Tech. 8: 224-230,

Lowndes, A. G. 1935.. The swimminé and feeding of certain
calanoid copepods. Proc. Zool; Soc., London, pp.
687-715. |

Mackiernan, G. B. 1968. Seasonal d:} stribution of dino-
flagellates in the lower York Rlyer, Va. M. A.
Thesis, College, of Wm, and Mary, Va.

Mansueti, A. J. and J. D. Hardy, Jr, 1967. Development
of Fishes of the Chesapeake Bay Region. An Atlas of
Egg, Larval, and Juvenile Stages. Part 1. Natural
Resources Institute, Univ. of Md

Markowski, S. 1959. The cooling Wajper of power stations;
a new factor in the env11~onment of marine and fresh-
water invertebrates., J. Anim, Ecol 28 243-255,

Marshall, H. G. 1965, The d1str1buttton of phytoplankion
along a 140 mi transect in the C]hesapeake Bay. Va.
J. Sei. 17: 105- 1119,

! - 146 -

|
! !
|




THE JOHNS HOPKINS UMIVERSITY
APPLIED PHYSICS LABORATORY

SILVER SFRING. MARYLAND

Marshall, H. G. 1966, Diurnal distribution of phytoplankton
from a single station at the mouth of the James River,
Ohio J. Sci, 66(3): 253-255

Marshall, H, G. 1967, Plankton in the James River Estuary,
Va. [, Phytoplankton of Willoughby Bay and Hampton
Roads. Chesapeake Sci. 8(2): 90-101,

Marshall, H, G. 1967, Plankton in the James River Estuary,
Va. II. Phytoplankton in the Elizabeth River. Va.
J. Sci, 18: 105-109.

Marshall, S, M. and A, P. Orr. 1961. Food and feeding in

copepods., Rapports et proces. Verbaux des Reunions,
153: 92-98.

Maryland Power Plant Siting Program. 19872, Brandon
Shores Site. Power Plant Siting Evaluation, JHU
PPSE 1-2. Johns Hopkins University. November
1972,

McLaren, I. A. 1963, Effects of temperature on growth of
zooplankton and the adaptive value of vertical migra-
tion. J. Fish, Res. Bd. Can. 20(3): 685-727,

Mihursky, J. A., R. G. Stross, V. S. Kennedy, D. R.
Heinle, and R. P. Morgan., 1967, Effects of thermal
pollution on productivity and stability of estuarine
communities, 3rd Ann. Dept. Water Res. Rsch., Cen-
ter, Univ, of Md,

Moore, E. W, 1958, Thermal pollution of streams. Ind.
Eng. Chem, Ind. End, 50: 1-4,

Morgan, R. P., J. A. Mihursky, S. S. Herman, C, I. Gib-
son, and J, A. McErlean. 1969, Phytoplankton stud-
ies. Patuxent Thermal Studies, Suppl. Repts. Univ,
of Md., Natural Resources Institute, (N, R, I, Ref,
No, 69-6),

Morgan, R. P. and R, G, Stross. 1969, Destiruction of
phytoplankton in the cooling water supply of a steam
electric station. Chesapeake Sci. 10(3-4): 165-171.

Mulford, R. A, 1962, Diatoms from Virginia tidal waters.
WIMS Sp. Sci. Rept. No. 30,

- 147 -



THE JOMNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY
SILVER SPRING. MARYLAND

Mulford, R. A. 1963a, | The net phytoplankton taken in
Virginia tidal waters from Jan-Dec 1962, VIMS Sp,
Sci, Rept. No. 43. Oct.

Mulford, R. A, 1963b. | Distribution of the dinoflagellate
genus Ceratium in the tital and offshore waters of
Virginia, Chesa;?eake Sci. 4(2);] 84-89,

Mulford, R. A. 1964, ilnvestigations of inner continental
shelf waters off lower Chesapeake Bay. PartIV.
Seasonality of the diatom genus Chaetoceras. Limnol,
and Oceanogr. 9(3): 385-390,

Mulford, R. A, and J. :J Norcross. 1pP71. Species composi-
tion and abundance of net phytoplankton in Virginia
coastal waters 1963-1964. Chesapeake Sci. 12(3):
142-155, '

Naylor, E. 1965, Effeicts of heated effluents upon marine
and estuarine organisms. Adv. Mar, Biol. 3: 63-

103, | |
|

Office of Science and Technology. 196P., Considerations
affecting steam ppwer plant site selection. Office of

Science and Techpology. Washix}gton, D. C. 133 p.

Patten, B. C., R, A, Mulford, and J.|F. Warinner. 1963,
An annual phy-top]]iankton cycle inlthe lower Chesapeake
Bay. Chesapeake Sci, 4: 1-20,

Pfitzenmeyer, H. T. 1971, Benthos. Section B, IN: A
Bilogical Study of Baltimore Harbor. A final report
to Dept. of Water Resources, State of Md, Natural Re-
sources Institute, Univ. of Md. }(N.R.I. Ref. No.
71-77). In press, 107 pp. i

Pfitzenmeyer, H, T. 1872, Molluscs !of the Chesapeake Bay,
pages (C-VII) 111-127 IN: Andreéw McErlean (ed.)
Status of the Biota of the Bay. Draft Report. Natural
Resources Institute, Univ., of Md. In press., 370 pp.

I
Pfitzenmeyer, H. T. ahd K. G. Drobekk, 1964. The oc-
currence of Rangia cuneata in thi Potomac River,

Maryland, Chesapeake Sci, 5: 209-112,

- 148 -

o B i



THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

SILVER SPRING. MARYLAND

Raney, E. C. and B. W, Menzel, 1968, Heated effluents
and effects of aquatic life with emphasis on fishes.
H. Bibliography, Ichthyological Associates Bull, No.
2, prepared with Cornell Univ. Water Resources and
Marine Science Center and Philadelphia Electric
Company.

Ritchie, D. E. 1970. Fish Project F. IN: Gross Physical
and Biological Effects of Overboard Spoil Disposal in
Upper Chesapeake Bay. (N.R.I. Spec. Rept. No. 3)
Natural Resources Institute, Univ. of Md.

Sanders, H. L. 1960, Benthic studies in Buzzards Bay,
I, the structure of the soft bottom community.
Limnol., and Oceanogr, 5: 138-153.

Saunders, G. W., E. B, Trama, and R. W. Bachmann.
1962, Evaluation of a modified 14C technique for ship-
board estimation of photosynthesisin large lakes.
Univ, of Michigan, Inst. of Sci, Tech.,, Great Lakes
Research Div. Publ. 8, 61 p

Shannon, C. E. and W. Weaver, 1963. The Mathematical
Theory of Communication, Univ, of 111, Press,
Urbana, Il1,

Spier, H. J. 1972, Fish populations around Edgewood
Arsenal's chemical agent test area. Edgewood
Arsenal Tech. Reports EATR4609,

Steeman-Nielson, E, 1952, Use of Radioactive Carbon
(14C) for measuring organic production in the sea.
J. Cons. Explor, Mer, 18: 117-140,

Stross, R. G. and J. R. Stottlemeyer. 1965. Primary

production in the Patuxent River. Chesapeake Science
6(3): 125-140,

Taras, M. J., A. E. Greenberg, R, D. Hoak, and M. C,
Rand (eds.) 1971, Standard Methods for the Examina-
tion of Water and Wastewater. 13th ed. Prepared
by Amer, Public Health Assoc,, Amer, Water Works
Assoc,, and Water Pollution Control Fed. Amer,
Public Health Assoc,, Washington, D, C., 874 p.

- 149 -




THE JONNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

BILVER SPRING, MARYLAND

Tenore, K. R., D. B. Horton, and T. W. Duke, 1968,
Effects of bottom| substirate on thE brackish water
bivalve Rangia Cuneata, Chesapeake Sci. 9: 238-
248,

U.S. Water Resources Council, 1968.| The nation's water
resources. Government Printing Office, Washington,

D. C.

|
Van Vliet, V. 1957, Eiffect of heated ¢ondenser discharge
upon aquatic life+ Am, Soe. Mech, Eng. 57: 1-10.

Vernberg, F. J. 1969a:. Studies on the physiological vari-
ation between tropical and temperate zone fiddler
crabs of the genus Uca, II. Oxygen consumption of
whole organisms'. Biol. Bull. 115: 163-184,

Vernberg, F. J. 1959b, Studies on the physiological vari-
ation between tropical and temperate zone fiddler
crabs of the genus Uca. IIL T}'le influence of tem-
perature acclimation on oxygen ¢onsumption of whole
organisms. Biol. Bull. 115: 5q2—593.

Vernberg, F. J. 1962.i Comparative physiology: Latitudi-
nal effects on physiological properties of animal
populations. Ann. Rev. Physiol. 24: 517-546,

Vernberg, ¥. J. and W. B. Vernbergl 1964, Metabolic
adaptations of animals from diff¢rent latitudes. Hel.
Wiss. Meer. 9(1-4): 476-487. |

Vernberg, F. J. and J. D. Costlow, Jr. 1966. Studies on
the physiologicali variation betwegen tropical and tem-
perate zone fiddler crabs of the jgenus Uca. IV.
Oxygen consumption of larvae aﬁid young crabs reared
in the laboratory. Physiol. Zool. 39(1): 36-52.

Vernberg, F. J, and W. B, Vernberg, 1966. Studies on the
physiological vatiation between iropic:al and temperate
zone fiddler crabs of the genus %. V. Effect of
temperature on tissue respiratign. Comp. Biochem,
Physiol, 17: 363-374. |

Vernberg, F. J. and W. B, Vernberg, 1966a. Studies on
the physiological variation betwéen tropical and tem-
perature zone fiddler crabs of the genus Uca. VL.

The rate of metabolic adaptatior} to temperature in tis-
sues. J. Elisha Mitchell Sei. Sci)c. 82(1): 30-34.
- 150 - I

|




THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

SILVER SERING. MARYLAND

Vernberg, F. J. and W, B. Vernberg. 1966b. Studies on
the physiological variation between tropical and tem-
perate zone fiddler crabs of the genus Uca. VII,
Metabolic-temperature acclimation responses in
southern hemisphere crabs. Comp, Biochem,
Physiol. 19: 489-524,

Vernberg, F. J. and W, B, Vernberg. 1968, Studies on
the physiological variation between tropical and tem-
perate zone fiddler crabs of the genus Uca., X. The
influence of temperature on cytochrome-C oxidase
activity. Comp. Biochem. Physiol. 26: 499-508.

Vernberg, F. J. and R. E, Tashian, 1959, Studies on the
physiological variation between tropical and temperate
zone fiddler crabs of the genus Uca. 1. Thermal
death limits. Ecology 40(4); 589-593.

Vernon, H. M, 1899, The death temperature of certain
marine organisms. J. Physiol. 25: 131-136,

Ward, R. V., V. Vreeland, G. H. Southwick, and A. J.
Reaching, 1965, Ecological studies related to
plankton productivity in two Chesapeake Bay estuaries,
Chesapeake Sci. 6(4): 214-225,

Warinner, J. E. and M, L. Brehmer. 1965. The effects
of thermal effluents on marine organisms. Indus-
trail Waste Conference, Proc. 19%th Purdue Univ.
Eng, Ext, Ser, 117, pp. 479-492,

Wass, M. L. 1965, Checklist of the marine invertebrates
of Virginia. Special Scientific Report No. 24.
Virginia Institute Marine Sciences, Gloucester Point,
Virginia.

Wass, M. L. 1967, Biological and physiological basis of
indicator organisms and communities. Pages 271-
283 IN: T. A. Olson and ¥. J. Burgess (eds,) Pol-
lution and Marine Ecology. Interscience, New York.

Welch, E. B, 1969, Phytoplankton and related water
quality conditions in an enriched estuary. J. Water
Poll. Control Fed. 40(10): 1711-1727,

- 151 -




THE JOMNS MOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

SILVER BPRING. MARYLAND

Whaley, R, C. and R. \P/ Taylor. 196'8. A plankton sur-
vey of the Chesapeake Bay using |a continuous under-
way sampling system. Tech, Rept. #36, Chesapeake
Bay Institute, Theé Johns Hopkins| University, Balti-
more, Md. Marc:h.

Wiley, M. L. 1971. Fish. Section C, pages 50-66 IN: A.
Biological Study qlf Baltimore Harbor. A final report.
Natural Resources Inst,, Univ. qf Md., Chesapeake
Biol. Lab., Solomons, Md. 107 |pp (N.R.I. Ref, No.
71-76). In press. |

Williams, A. B. 1972, . Decapod crusticeans of the Chesa-
peake Bay. Pagep (C-VII) 136-140 IN: Andrew Mc-
Erlean (ed,) Status of the Biota OF the Bay. Draft
Report. Natural ;Resources Inst.!, Univ. of Md. 370
pp. In press. ! ‘

k)

Wilson, C. B. 1932, The copepods crvstaceans of Chesa-
peake Bay, Proc. U, S. Nat. Mus, 80: 1-54,

|
Wolfe, J. J., B. Cunningham, N. F. Yk/ilkerson, and J. T.
Barnes. 1926, An investigation of the microplankton
of Chesapeake Bay. J. Elisha Mitchell Sci, Soc. 42:

25-54. |

Wurtz, C. B. and C. E. Renn. 1965, |Water temperatures
and aquatic life. ,Report No. 1, The Johns Hopkins
University Cooling Water Studies, Edison Electric

Institute, New Yo;rk. 99 pp.

- 152 -




THE, JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

SILVER BPRING. MARYLAND

ACKNOWLEDGMENTS

The work described in this report was performed
by the aquatic biology staff of the Departmeni of Geography
and Environmental Engineering of The Johns Hopkins Uni-
versity, Personnel involved include:

L. D. Jensen, Ph.D., Director, Aquatic Biology
Program,

J. R. Edmunds, 1V, fisheries and ichthyoplankton
studies,

J. V. Martin, Ph.D., phycology and primary pro-
duction studies,

K. Gore, zooplankton studies,

J. Burkholder, fisheries and ichthyoplankton studies,
P. deFur, benthic invertebrate studies,

1. Jones, benthic invertebrate studies,

M. Schmit, fisheries and ichthyoplankton studies, and

M. Kosierowski, fisheries and ichthyoplankton
studies.

- 133 -






THE JOHNS HOPKINE UNIVERSITY

APPLIED PHYSICS LABORATORY

SILVER SPRING, MARYLAND

APPENDIX A

NUTRIENT ANALYSIS DATA SHEETS

- 155 -







THE JOMHNS HOPKINS UNIVERSITY
AFPPLIED PHYSICS LABORATORY

SILVER SPRING, MARYLAND

Slte: BUSH RIVER

Date: 10 JuL. 72

Concentration (ppm as the element)

Dissolved Collection Station
Specles 3 6 8 9
Inorganlc carbon 4.8 4.8 3.2 7.5
Total Carbon
Organic Carbon
Nitrite-Nitrogen 0.013 0.015 | 0.016 | 0.015
Nitrate-NItrogen 0.70 0.87 0.98 1.08
Ammon | um—-Ni trogen 0.04 0.15 0.12 0.08
Total Unoxidlzed 0.42 0.54 0.42 0.44
Nitrogen
Organic Nitrogen 0.38 0.39 0.30 0.36
Orthophosphate- 0.012 0.027 0.025 0.019
Phosphorus
Total Phosphorus 0.050 0.071 0.063 0.038
Non=-orthophosphate 0.038 0.044 0.038 0.019
Phosphorus
TABLE A-1
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: Site: BUSH RIVER
1
| Date: 8 AUG_72
|
Clioncen'l'raﬂon (ppm|as the element)
Dissolved : Col laction Statlon
Species ;
pecte 1 3 6 8 9
I
Inorganic carbon 4.1 5.1 8.4 9.9
Total Carbon
Organic Carbon :
| _
Nitrite-Nitrogen 0.006 0.027 { 0.051 0.104
Nitrate-Nitrogen 0.27 0.57 0.87 0.86
1
Ammoni um-Nitrogen 0.09 0.1 0.20 0.13
|
Total Unox!dized 0.57 0.63 0.54 0.46
Nitrogen |
Organic Nitrogen 0.48 0.52 0.30 0.34
Orthophosphate- 0.003 0.008 | 0.020 0.016
Phosphorus i
Total Phosphorus 0.024 0.023 | 0.032 0.019
Non-orthophosphate 9.021 0.015 | 0.012 0.003
Phosphorus .
\ |
TABLE A-2 !
| |
!
i
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Site: BUSH RIVER

Date: 12 SEPT_ 72

Concentration {ppm as the element)

Coltection Station

Dissolved
S |
pecles 3 6 8 9
{norganlc carbon 3.0 7.4 9.8 13.6
Total Carbon
Organic Carbon
Nitrite-NItrogen (.004 0.104 0.005 0.019
Nitrate-Nitrogen 0.02 0.02 0.17 0.50
Ammonium-NItrogen 0.11 0.04 0.04 0.10
Total Unoxidized 0.53 0.38 0.39 0.40
Nitrogen
Organic Nitrogen 0.42 0.34 0.35 0.30
Orthophosphate- 0.001 0.000 0.009 0.013
Phosphorus
Total Phosphorus 0.013 0.010 0.023 0.042
Non-orthophosphate 0.012 0.010 0.014 0.029
Phosphorus
TABLE A-3
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Site:

BUSH RIVER

Date:

24 OCT 72

Concentration {(ppm

as the element)

|
|
Dissolved : Cotlection Station
Specles '3 6 8 g
i
inorganic carbon 3.6 B.4 10.5 1.0
|
Total Carbon
I
Organic Carbon
Nitrite-Nitrogen 0.008 0.012 0.023 0.027
Nitrate-Nitrogen d.30 0.36 0,57 0.74
Ammoni um-N1trogen (.09 0.08 | 0.08 0.09
Total Unoxidized g.60 0.46 0.34 0.32
Nitrogen .
Organic Nitrogen 0.51 0.38 | 0.26 0.23
Orthophosphate- q.001 0.001 0.001 0.004
Phosphorus :
Total Phosphorus 0.015 0.0 | 0.009 | o.om
Non-orthophosphate g.015 0.010 0.008 0.007
Phosphorus f
|
TABLE A-4 i
' I
\ I
i |
| |
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Site: BUSH RIVER

Date: 21 NOVY 72

Concentration (ppm as the element)

Dissolved Coltectlon Station
Species 3 6 8 9
Inorganic carbon 5.7 7.3 9.8 8.6
Total Carbon 13.7 14,1 15.1 13.7
Organic Carbon 8.0 6.8 5.3 5.1
Nitrite-Nitrogen 0.011 0.007 0.011 0.012
3Nl*raTe-Ni+rogen 0.7 .40 0.59 0.94
-lgmmnium-mfrogen 0.18 0.05 0.11 0.13
' Total Unoxidized
Nitrogen 0.51 0.24 0.26 0.31
Organic Nitrogen 0.33 0.19 0.15 0.18
Orthophosphate~
Phosphorus 0.008 0.001 0.001 0.016
Total Phosphorus 0.032 0.012 0.033 0.027
Non-orthophesphate 0.024 0.011 0.032 0.011
Phosphorus
TABLE A-5
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Site: BUSH

RIVER

Date:__ 11 [

EC 72

Cancentration {ppm

as the element)

Phosphorus

Dissolved Collectipn Station
Specl 5
pecTes 3 6 . 8 9
!
tnorganic carbon 4%1 5.5 6.9 6.0
I
Total Carbon 81 8.3 8.3 6.8
Organic Carbon 410 2.8 2.4 0.8
|
Nitrite-Nitrogen 0/014 0.710 || 0.007 | 0.008
Nitrate-Nitrogen 0*87 0.82 0.78 0.95
Ammon{ um-Nitrogen 0/14 0.06 [|<0.01 0.04
|
Total Unoxldized ' !
Nitrogen 0{50 0.40 0.63 0.33
Organic Nitrogen 0;36 0.34 0.63 0.29
thoph hate- |
Crhoenhorns - 0,029 0.008 || 0.006 | 0.009
|
Total Phosphorus 01049 0.013 0.013 0.009
- hat |
Non-or thophosphate 0,020 0.005 |, 0.010 | <0.001

TABLE A6
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